Dopaminergic influence upon cerebral circulation was studied in 12 adult mongrel dogs, local cerebral blood flow (ICBF) being measured by the microspheres method. The intravenous injection of apomorphine (0.1 mg/kg) produced heterogeneous effects on lCBF; an increase in lCBF reaching the level of statistical significance was observed in frontal and sensory motor cortices, whereas blood flow was not significantly altered in the other regions examined. When the animals are considered individually, a widespread response was generally observed. Local cerebral blood flow increased from 16% to 85% (depending on the regions examined) in 4 animals, and tended to decrease (particularly in the caudate nucleus) in the 8 others. These opposite effects cannot be related with changes in general metabolic or hemodynamic parameters (Pacoz, Paoz, pH, and arterial pressure). It is thus concluded that the effect of dopaminergic stimulation upon cerebral circulation is more complex than previously reported. These effects could only be partly mediated via vascular receptors and could be the result of modifications of the local metabolic level.
The intravenous administration of dopamine is known to produce a diphasic effect upon cerebral blood flow (CBF), decreasing CBF at low doses and increasing it at larger doses (Ekstrom-Jodal et aI., 1974) . As dopamine does not cross the blood-brain barrier (BBB), these effects seem to be mediated by intravascular receptors. Using dopaminergic agonists able to cross the BBB, like apomorphine or piribedil, authors have demonstrated an overall in crease in CBF and metabolism, prevented by prior administration of pimozide (McCulloch and Harper, Abbreviations used: BBB, Blood-brain barrier; lCBF, local cerebral blood flow. 369 1977). Nevertheless, little information is available concerning the effects of dopaminergic stimulation on local cerebral blood flow (lCBF). In order to determine more precisely these effects, we used the radioactive labeled microspheres method (Rudolph and Heymann, 1967) to measure blood flow in a larger number of cerebral structures following the intravenous administration of apomorphine.
MATERIALS AND METHODS
Local CBF measurements were made on 12 adult mongrel dogs (male and female). The animals were anesthetised by sodium thiopental (25 mg/kg) and paralyzed by pancuronium bromide (0.1 mg/kg). They were cannulated and artificially ventilated by a mixture of O2 and N20 (50%-50%). Central tem- Values are mean ± SEM; n = 12.
perature was kept constant by means of a heating blanket. Arterial blood pressure was continuously monitored via a catheter inserted into a brachial ar tery. Arterial blood gases were controlled, and car diac output was measured after each injection of microspheres with the thermal dilution method. Dogs were allowed to rest 1 h after surgical prepa ration before the first ICBF determination. Apomorphine (0.1 mg/kg) diluted in NaCI (9%) was administered by rapid intravenous injection. Local CBF was determined at steady state and 10 min after injection of apomorphine. We used the radioactive labeled micro spheres method developed by Rudolph and Heymann in 1967 . Sephadex mi crospheres (cp = 15 �m) labeled in our laboratory with 58CO and 57CO were used, the injection being performed in the left ventricle.
Dogs were sacrificed with KCI and the brains rapidly removed. Samples were dissected in the following areas: prefrontal, pre-rolandic, retro rolandic, parietal, occipital and inferior temporal cortex, caudate nucleus, basal ganglia, centrum ovale and corpus callosum (white matter), cerebel lar cortex, and brainstem. Radioactivity of the sam ples (weighing 150-400 mg) was determined in a counter using a 15-me V window for 58CO and a 0.7-MeV window for 57CO. Statistical analyses were performed using Studient's t test for paired com parisons.
RESULTS

Arterial Pressure and Blood Gases
No significant modifications were observed in Paco2, pH, and mean arterial blood pressure (MABP) 10 min after the injection of 0.1 mg/kg apomorphine. The values for Paco2 and MABP were 30.9 ± 1.7 mm Hg versus 29.8 ± 2.2, and 95 ± 6 mm Hg versus 95 ± 6, respectively. A slight and transitory increase in heart rate and MABP during 1982 the first 2 min following the injection was observed in some animals.
Local CBF
In steady state, we observed a marked heteroge neity in cortical ICBF and a good correlation be tween values obtained in the right hemisphere and in the left hemisphere (Table l) . Occipital cortex and prefrontal cortex appeared as the best-perfused areas and the inferior temporal cortex as the less perfused.
After apomorphine injection, we observed vari ous effects, and two groups of animals can be de fined: (1) A first group of 4 animals showed an over all increase in ICBF. This increase, ranging from 16% to 85%, depended on the region considered and reached the level of statistical significance in the prefrontal cortex, the pre-rolandic cortex, the retro-rolandic cortex, and the basal ganglia ( Fig.  la) . (2) A second group of 8 animals showed an in crease in some regions and a decrease in others. Whatever the region studied, and particularly the caudate nucleus, direction and amplitude of ICBF modifications were not homogeneous. Neverthe less, ICBF tended to decrease, without reaching the level of statistical significance, in all the regions studied, except for the retro-rolandic cortex in which a slight increase can be observed. Further more, a statistically significant decrease was ob served in the caudate nucleus, 42 ± 6 ml versus 56 ± 5 mVI00 g/min (p < 0.05) (Fig. Ib) .
In fact, there is no experimental reason, such as differences in blood gases or in blood pressure, leading to a separation into two groups. We made that separation only to emphasize the heterogeneity of the cerebral circulatory response to apomor phine. When mean response to apomorphine on the 12 animals was considered (Table 2) , we observed a significant increase in the sensory motor cortices, whereas ICBF was not significantly modified in the other regions examined.
DISCUSSION
It is well-known that the density of dopaminergic innervation is not homogeneous within the brain (Ungerstedt, 1971) . The caudate nucleus receives a dense dopaminergic innervation, whereas the cere bellum appears to be devoid of dopaminergic neurons. Little information is available concerning dopaminergic projections in the cortex of the dog, but studies on other species also reveal an impor- tant heterogeneity at this level (Lindvall and Bjorklund, 1974; Bjorklund et aI., 1978) . When the animals are considered individually, widespread effects of apomorphine can be ob served, 4 animals showing an overall increase in ICBF in all the regions studied. In some respects, this is in good agreement with previous reports (McCulloch and Harper, 1977; McCulloch and Teasdale, 1979) . In these 4 animals, the increase in ICBF within the cerebellar cortex appears to be less pronounced (16%) than in in the other stuctures (in which it ranges from 25 to 85%). By contrast, marked increases in CBF occur in the prefrontal and in the pre-rolandic cortex, cortical regions that are supposed to receive a dopaminergic innervation in some animal species (Bjorklund et aI., 1978) . This observation could indicate that the hemodynamic effects of apomorphine could be partly mediated via intrinsic and/or vascular dopaminergic receptors. There is evidence from other studies, in vitro and in vivo (Edvinsson et aI., 1978a,b) , that apomorphine is able to dilate cerebral vessels via specific dopaminergic receptors. Nevertheless, this direct effect of dopaminergic agonists cannot explain the widespread modifications in ICBF, also occurring in regions devoid of dopaminergic projections . Experiments using apomorphine (McCulloch and Harper, 1977) or an other dopaminergic agonist, piribedil (McCulloch and Edvinsson, 1980) , demonstrate that those drugs exert a potent stimulating action upon cerebral me tabolism, reflected by a marked increase in glucose consumption following intravenous administration.
The results presented here seem to indicate that the effects of apomorphine are probably less unequivocal than previously reported (McCulloch and Harper, 1977; McCulloch and Teasdale, 1979) . These authors concluded that the intravenous ad ministration of apomorphine produced an increase in CBF and in glucose consumption. In fact, it ap pears from our results that apomorphine exerts complex effects on the cerebral circulation. Cere bral blood flow increased in all our animals in the anterior part of the brain (frontal and sensory motor cortices) but was not significantly altered in the other regions examined. (If the animals are considered individually, marked decreases in ICBF are observed in several regions.) Since metabolic measurements were not performed in our study, we cannot correlate hemodynamic and metabol ic behaviour. Nevertheless, precise investigation realised in the rat with the 14C-2-deoxyglucose method seems to indicate that apomorphine admin istration is followed by local modifications of glu cose metabolism that are highly complex in their functional and anatomical organisation (McCulloch, 1980) . These experiments suggest a heterogeneous na ture of the cerebral circulatory response to apomor phine, which varies in direction and in amplitude. Vasodilatation can be obtained with apomorphine via intrinsic dopaminergic vasomotor receptors, the presence of which in cerebral vessels has been clearly established (Edvinsson et aI., 1978a,b) . The various cerebral circulatory effects of apomorphine cannot be explained only by its interaction with this type of dopaminergic receptor. Thus, we think J Cereb Blood Flow Metabol, Vol. 2, No. 3, 1982 that the most likely mechanism would be local met abolic alterations within the cerebral parenchyma. Furthermore, if the pharmacological aspects of dopaminergic transmission are considered, we think that these results could receive a more precise ex planation; dopaminergic receptors are heteroge neous and several subspecies are now identified (Cheramy et aI., 1981) . Apomorphine is not always a pure dopaminergic agonist and its effect seeems to depend on the concentration and the subspecies of receptor with which it interacts (Kebabian and Cote, 1981) . For a more precise knowledge of the mechanism of action of apomorphine, it will be nec essary to obtain better information on the regional distribution of the dopaminergic receptor sub species and on the subcellular concentrations of the drug.
